previous communication with teammates, and content discussion, and (2) group attributes: group teacher's previous grade, number of colleagues with whom a student connected, teaming with friends, similarity of teammates' previous grades, and teacher having higher previous grades than other teammates. Regression analysis was used to assess the association of examination scores with individual and group attributes. Results: The response rate was 80.4% (74 students: 36 males and 38 females). Students who previously scored grades A and B had higher examination scores than students with grades C/less (regression coefficient = 18.50 and 13.39) within the groups. Higher scores were not associated with working in groups including friends only (regression coefficient = 1.17) or when all students had similar previous grades (regression coefficient = 0.85). Conclusions: Students with previous high grades benefited to a greater extent from working in PAL groups. Similarity of teammates in PAL groups was not associated with better scores.
Introduction
Standards in health professional education promote self-learning and team work to prepare students for their professional life [1] . In peer-assisted learning (PAL), individuals from similar backgrounds, who may not necessarily be teachers, help each other to learn by teaching [2] in a reciprocal learning activity [3] . PAL helps individuals to develop knowledge and skills when they share perspectives that lead to constructive understanding and differs in outcome from that if individuals were on their own [4] . This phenomenon can be explained by the social constructivist learning theory [4] and by the occurrence of cooperative learning where students work together to achieve a common objective [5] . PAL is useful to academic institutions, since it offers opportunities to reduce faculty teaching load and fills gaps in the curriculum [6] [7] [8] . It also helps students develop communication and professional skills and provide support to each other with less stress compared to that felt in the presence of experts [7, 9] .
In most cases, the groups in PAL are instructor-formed where instructors assign students to groups with specific tasks. Studies have shown that PAL had positively perceived and actual effects on learning when the groups are instructor-formed and supervised, whether they are nursing [10] or medical students [11, 12] . The outcomes of instructor-formed student groups did not significantly differ from those taught by teaching staff [13] , and students considered their peers to be more important to success in examination than experts [14] .
Alternatively, students may form groups that are not organized by educational institutions or instructors [15] . In this type of learning, students spend time in contact with each other inside or outside the classroom. Exchange of information and sharing of experience helps learning -even in the absence of explicit planning by instructors [15] . Equally important, Denson et al. [16] reported a learning experience of a student-formed group that was useful in developing their mathematical modeling skills.
Social network analysis (SNA) focuses on networks that include units/nodes (such as students) connected by links/edges (such as shared PAL study group membership) [17, 18] . The SNA techniques were previously used to study the communication patterns and interaction of students in health professional education with each other and with their instructors, including postgraduate nursing students [19] as well as medical students, residents, and faculty [18, 20] . In these different studies, SNA proved to be a useful tool, demonstrating changing networks by time patterns of active versus passive communication [19, 20] and preferences in selection of friends [18] .
It would be useful to understand the characteristics of dental student-formed groups that are not under direct instructor supervision. This includes how students select their teammates and whether or not their individual and group attributes are related to subsequent academic performance. Therefore, the aims of the study were (a) to describe the structure and attributes of student-formed groups as arranged by dental undergraduates without direct supervision of instructors to address a didactic unit in a biomedical course and (b) to investigate the association between the individual and group attributes regarding academic performance.
Subjects and Methods

Setting and Participants
The study was conducted at the College of Dentistry, University of Dammam, Saudi Arabia, in 2015-2016. The college offers a Bachelor of Dentistry program in 6 years. The first year is preparatory and includes basic sciences. Years 2 and 3 cover basic medical and preclinical dental courses. Students start clinical training in the 4th year. Male and female students are segregated in conformance with cultural norms. They are taught the same content by the same teachers using the same teaching and assessment methods, where lectures are repeated at different times in separate sessions for each gender. The Institutional Review Board approved the study.
Oral Pathology is taught in 2 courses: 3rd and 4th years. The present study included part of the 4th-year 3-credit Oral Pathology I course. The course has 1 weekly hour of instructor-delivered lectures and 3 h of weekly session where histopathologic features of oral diseases and conditions are discussed. The course was selected because it is didactic and does not address psychomotor skills, and thus covers learning outcomes corresponding to those targeted by the study. In addition, the students were midway through the college program and could be expected to have already formed social networks with their colleagues.
Inclusion criteria were students in Oral Pathology I course, who agreed to work in PAL groups to study the assigned unit and fill the study questionnaire. There were 92 students (43 males and 49 females) participating in the course.
Intervention
Instructors selected the same unit in the Oral Pathology course (epithelial tumors) for both male and female students. Students were asked to form PAL study groups and were given the freedom to select their teammates in groups of 2-4 students. Each class formed their own study groups independently so that there were exclusively male and female groups. In each student-formed group, the students agreed that one of them would be teacher who studied on his/her own and then explained the content while the remaining students would be learners who received the information delivered by the student teacher. They were given the course learning resources and 2 weeks to interact and study on their own away from class and instructor supervision. Males and females formed 13 and 11 study groups, respectively ( Fig. 1 ) with an average of 3 students in each group (average 2.8 and 2.9 in male and female groups, respectively). A student directly connected to 1-2 other students (degree = 1.306 and 1.500). In 16 groups, all students were friends, with 10 groups having student teachers of higher grades than learners. In more female than male groups, members had similar previous grades (7 compared to 2).
After 2 weeks, knowledge was objectively assessed using a written examination of 22 multiple choice questions. Eighteen questions assessed recall (such as selecting the correct term to describe pathologic features) and 4 questions assessed higher cognitive skills (such as providing differential diagnosis for clinical and histopathologic features). The questions were automatically using Optical Mark Recognition machines. At the end of the study, the instructor explained the scientific material in a formal class setting. The material was reassessed within the course assessment scheme so that the student-formed group examination scores were not included in the course total grade.
Study Tool
Students responded to a questionnaire which asked whether or not they had previous knowledge of the subject matter, were learners or teachers during the experience, and the grade they scored in the previous year (A, B, or C/ less). The questionnaire also collected information assessing various forms of interaction as previously described [21, 22] . Thus, for each of the other students in the group, a respondent was asked to indicate (1) whether he/she was considered a friend (targeting the effect of diffusion of knowledge through already existing social networks [23] ), (2) whether there was prior communication between the respondent and the teammate before the study (addressing the effect of existing channels for information transfer when there was no strong social tie through friendship), and (3) whether there was discussion of the content with this teammate in and out of class (to assess the effect of focused communication targeting the assigned task). The instructors explained the questionnaire to the students, waited until they filled it, and collected it during the same session.
Analysis
The χ 2 test was used to compare individual attributes of male and female students (role, grade in previous year, previous knowledge of subject matter, teaming with friends, previous frequency of communication, and discussing subject matter). The groups' networks were visualized using the Gephi open source software [24] with layouts "force atlas" and "no overlap" and undirected edges. Gephi was used to calculate the "degree," which is the average number of colleagues with whom a student directly teamed [23] . It was also used to assign group attributes (formerly group of friends with similar previous grades and student teacher grades compared to learners in the groups). Linear regression was used to investigate individual and group attributes associated with percent score in the examination. Attributes with statistically significant association in univariate regression were entered into 2 types of multivariate models: (a) model 1 -all individual attributes in one model and group attributes in another model, and (b) model 2 -individual and group attributes together adjusted for gender. Partial η 2 was used to estimate effect size. Regression coefficients and 95% confidence intervals were calculated using SPSS version 20.0. Significance level was set at p ≤ 0.05.
Results
Of the 92 students participating in the course, 74 responded to the questionnaire (response rate = 80.4%). Of these, 36 (48.6%) were males and 48 (64.9%) learners ( Table 1 ). A significantly higher proportion of females (20, 52 .6%) than males (6, 16.7%) had A grades in the previous The mean score in the unit examination was 65.5 ± 13.9%. Univariate regression showed that this score was associated with individual student attributes (grade in previous year and teaming with friends; Table 2 ) with both retaining significance when considered together in model 1 ( p = 0.01 and 0.03); also, group attributes showed a significant association with examination score (degree and belonging to a group where the teachers had higher previous grades than the learners) with only the latter attribute retaining significance when considered in model 1. Among the individual and group attributes, the greatest effect was that of students' previous grades (partial η 2 = 0.13 and 0.08 for students previously scoring A and B, respectively). The effect of teaming with friends was greater than the effect of group attributes (degree and belonging to a group where student teachers had higher grades) (partial η 2 = 0.05, 0.02, and 0.003). The attribute with significance in model 2 was students' previous grades: regression coefficient (95% CI) = 18.50 (5.54, 31.46) and 13.39 (1.05, 25.73) for A and B compared to C students. The adjusted mean scores of the students were 65.80 ± 3.05 (95% CI = 58.43, 73.32), 60.74 ± 2.44 (95% CI = 54.61, 66.92), and 47.32 ± 5.75 (95% CI = 35.53, 59.23), with statistically significant differences between A and C students ( p = 0.02) and no significant differences between A and B or B and C students (0.52 and 0.10).
Discussion
In this study, students with previous high grades benefitted most from working in PAL, similar to the finding of Hommes et al. [23] and Donohoe et al. [25] who had reported that past academic performance had the greatest effect on future performance. Equally, being a teacher or a learner was not significantly associated with scores. This finding confirmed the previous reports [25, 26] in which medical students who acted as PAL tutors did not perform better overall than others with a similar background where academic abilities were considered [26] . Values are n (%).
In this study, group characteristics had less effect on scores than individual attributes, as shown by the scores which were not associated with grades of other students in the same group and were negatively affected if PAL teachers had higher scores. These findings were different from those of Woolf et al. [27] who reported that friendship at baseline among medical students predicted subsequent score similarity. The difference between the 2 studies could be attributed to learners in our study overestimating the advantage of being in a group with top students, and thus exerting less effort to studying and thereby depriving themselves of the advantage of PAL.
The association of univariate regression between scores and having at least 1 friend among the students in the PAL group of this study confirmed the previous report that friendship binds colleagues [28] and provided a supportive network in academic environments through sharing of knowledge and learning resources [23, 29] . The finding that discussing the topic in and out of class and a history of frequent past communication among group members were not associated with score is different from a study which indicated an association between examination score and mutual communication among 1st-year medical students [23] . The difference could be attributed to the fact that the depth and frequency of the reported discussion was not assessed in the present study. This study showed that the examination score was not associated with the degree of relationship among students. This finding also differed from a study where the degree of relationship was associated with academic success [30] . This difference could be attributed to the small number of students per group in the current study.
The limitations of this study were the inclusion of only 1 class, the nature of studies using SNA that focuses on the particular network, the use of students' reports that were dependent on their completeness, and gender segregation.
Conclusions
In this study, examination scores were associated with individual attributes to a greater extent than group attributes, with previous academic performance being the key attribute. This study demonstrated the usefulness of SNA as a learning analytics tool to understand PAL and student-formed group structure in comparison with individual attributes in association with subsequent academic performance. 
